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ABSTRACT 
Amphibians are increasingly being used as bio-indicator of contamination in ecosystems due to their sensitivity 
to xenobiotics in the environment. Cadmium and lead compounds, ubiquitous mutagens and carcinogens, are ca-
pable of eliciting genome instability in adult toads which may enhance amphibian decline. Micronucleus cytome 
(MN-cyt) assay, a comprehensive cytogenetic test for the assessment of genome instability induced by xenobiot-
ics in organisms, was utilized in the differential cytogenotoxic evaluation of Cd and Pb in adult Amietophrynus 
regularis. A. regularis was exposed to six concentrations (8 – 512 mg/L) of the metal solutions to determine 96 h 
acute toxicity. Four toads per group were exposed to five sub-lethal concentrations (5 – 75 %) of the 96 h LC50 
of the metals for 14 days. At post exposure, bone marrow and peripheral erythrocytes were collected for MN-cyt 
analysis. The metals induced differential concentration and time-dependent increase in mortality with 96 h LC50 
of 36.36 mg/L (Cd) and 112.06 mg/L (Pb). No observable effective concentrations (NOEC); Cd=8 and Pb=32 
(mg/L) and Lowest observable effective concentrations (LOEC); Cd=16 and Pb=64 (mg/L) were recorded for 
the metals. Derived toxicity factor (TF) showed that Cd was 3.08 times more toxic to the toads than Pb. The 
metal solutions induced significant (݌<0.05) increase in frequencies of MN, binucleated, nuclear bud, notch, 
lobe, vacuolated erythrocytes, apoptosis and necrosis compared to the negative control. Cd elicited 1.42 and 3.26 
folds increase in MN and NAs respectively, than Pb. MN-cyt assay is a suitable cytogenetic tool for assessing 
genome instability in A. regularis. Increased genetic instability induced by Cd and Pb may be associated with 
genetic related syndromes; neoplasms, reproductive dysfunctions and mortality. This suggests threat to amphibi-
an health and may enhance population decline.  
 
Keywords: acute toxicity, amphibian decline, cadmium and lead compounds, cytotoxicity, genome instability, 
micronucleus cytome assay, toad  
 
 
 
INTRODUCTION 
Decline in amphibian biodiversity is one 
among the challenges currently facing con-
servationists worldwide. A global compre-
hensive assessment of amphibian population 
decline showed that about 32.5 % amphibi-
ans were classified as vulnerable, endan-
gered or critically endangered, 7.4 % species 
as critically endangered and 43 % experienc-
ing different forms of decline (Stuart et al., 
2004). This classification elicited numerous 
studies geared towards understanding the 
possible causes and mechanisms involved in 
amphibian decline. The outcome increased 
awareness among herpetologists on the pos-
sible role(s) of habitat destruction and expo-
sure to harmful chemicals (Blaustein et al., 
2003; Lips et al., 2005), which may have in-
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creased morbidity and mortality among ex-
posed populations. For instance, the possible 
role(s) of pesticides, herbicides and fungi-
cides on developmental deformities and sur-
vival of amphibians were investigated for 
over a decade as the major cause of amphibi-
an decline (Berrill et al., 1998; Brunelli et 
al., 2009). Also, the impact of toxic metals 
on amphibian health and mortality which 
may lead to decline was also considered 
among the harmful chemicals. However, 
available reports showed the harmful effects 
of these metals on mortality, acute toxicity, 
developmental abnormalities and genotoxici-
ty in the embryonic/larva stage of this group 
of vertebrate that exhibit quasi-terrestrial life 
style (Rosenberg et al., 2003; Mouchet et al., 
2007; Patar et al., 2016). There is paucity of 
information on the impact of metals on ge-
nomic instability in adult anurans (Rosen-
berg et al., 2003; Said et al., 2016). It is 
noteworthy that unlike pesticides, fungicides 
and herbicides with short half-life and which 
are synthesized to kill or cause morbidity to 
specific group of organisms, metals readily 
accumulate in the body organs and are rarely 
biodegraded. These ubiquitous carcinogens, 
mutagens and endocrine disruptors are capa-
ble of inducing cytogenetic, reproductive and 
systemic abnormalities in all biological 
forms with little or no species specificity 
(Patar et al., 2016).   
Adult anurans are rarely used in cy-
togenotoxicological studies despites their 
suitability as bioindicator for monitoring en-
vironmental contamination, and wide range 
of adaptations to wetlands and landscape 
(US EPA, 2002). Moreover, they live greater 
part of their lives on moist terrestrial habitats 
and are important in the ecosystem popula-
tion dynamics. Adult anurans are exposed to 
toxic metallic compounds via absorption 
through the permeable skin during dermal 
contact with water, sediments and soil or hi-
bernation in soils, and ingestion of food 
(SEAC, 1996). Inadequate information exists 
on the use of adult toads as bioindicator of 
genome instability assessment of heavy met-
als. Despites that genome instability and cy-
totoxicity have been increasingly associated 
with poor fecundity and reproductive fitness, 
decreased cell survival, developmental ab-
normalities, change in genetic population 
dynamics and tumor neoplasm (Malins et al., 
1988; Shugart, 2000; Andreassi et al., 2011). 
These are important factors to be considered 
in relation to amphibian decline.  
Cadmium (Cd) and lead (Pb) are com-
mon deleterious metals that readily bioac-
cumulate in biological systems from differ-
ent environmental matrices. They are with-
out any known useful physiological func-
tions even at trace concentrations. With the 
persistence of these metals in the ecosys-
tems, they exert numerous adverse effects on 
wildlife and humans. These known carcino-
gens and mutagens are readily transported to 
the bone marrow, kidney and liver where 
they distort the haematopoietic system (Ros-
enberg et al., 2003). The study herein reports 
for the first time the cytotoxicity and geno-
toxicity of Cd and Pb in the highly differen-
tiating bone marrow and peripheral erythro-
cytes of adult toads using micronucleus cy-
tome assay (MN-cyt). Micronucleus assay 
(MN) is a frequently used cytogenetic test 
for the assessment of structural and numeri-
cal chromosomal aberrations induced by 
clastogens and aneugens, due to its suitabil-
ity, reproducibility and cost effectiveness in 
lower vertebrates (Mouchet et al., 2007; Al-
imba and Bakare, 2016). It was utilized for 
the first time to assess the cytogenetic dam-
age induced by genotoxins present in pollut-
ed fresh water on peripheral blood erythro-
cytes of Newt (Pleurodeles waltl) (Jaylet et 
al., 1986). However, anuran MN cytome as-
say has not been previously utilized in the 
genotoxic and cytotoxic assessments of Cd 
and Pb in heamotopoietic bone marrow sys-
tem of the adult toads.  
Micronucleus cytome assay is a compre-
hensive system for assessing DNA damage 
and cytotoxicity at the chromosomal level 
using the biomarkers: micronuclei (MN; bio-
marker of chromosome breakage and/or 
loss), nuclear buds (Nbud; biomarker of gene 
amplification and/or elimination of DNA re-
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pair complexes) and nuclear abnormalities 
(NAs; Lobe and Notch). Cytotoxicity is 
measured via frequencies of necrotic, apop-
totic and binucleated cells. Its detailed proto-
col was first described in in vitro test system 
by Fenech (2007) and later described in in-
vertebrate (Bivalve, genus: Mytilus by Bolo-
gnesi and Fenech (2012). However, its use in 
lower vertebrates to assess genome instabil-
ity is scarce. The study herein reports the 
acute toxicity (96 h LC50), a recommended 
static bioassay for the preliminary toxicolog-
ical assessment of chemicals in biological 
test systems (ASTM, 2002; US EPA, 2005), 
and genome instability elicited by sub-lethal 
concentrations of Cd and Pb in bone marrow 
and peripheral blood erythrocytes of adult 
Amietophrynus regularis.   
 
MATERIALS AND METHODS 
Metal compounds  
Cadmium (II) chloride (CdCl2) and lead 
(II) nitrate Pb(NO3) of analytical grades 
(Sigma, St. Louis, MO, USA) were used as 
the source of metals. 
 
Animals 
Adult toads, A. regularis, collected from 
the Zoological garden, University of Ibadan, 
Nigeria were utilized. They were housed in 
plastic cages with perforated lids, containing 
dechlorinated tap-water and acclimatized for 
14 days in the Animal house, Department of 
Zoology, University of Ibadan. They were 
maintained in laboratory conditions of 12 h 
dark and light photoperiod and temperature 
of 26±9 °C. The water was renewed every 48 
h throughout the experimental duration and 
they were fed with earthworms (Eudrilus  
eugeniae).  
 
Analysis of acute and sub-lethal toxicity of 
Cd and Pb  
Following range finding test for the met-
als, ten A. regularis with body weight range 
of 117.4 – 131.9 g and mean body weight of 
128.34±2.05 g, were randomly distributed 
into 0, 8, 16, 32, 64, 128, 256 and 512 
(mg/L) of Cd and Pb in 25 L plastic tanks to 
determine the 96 h acute toxicity (LC50) and 
behavioural changes in accordance with 
ASTM (2002) and Arrieta et al. (2000). Safe 
concentrations of the metals at 96 h were ob-
tained by multiplying the 96 h LC50 by a fac-
tor of 0.1 in accordance with EIFAC (1998). 
No Observed Effective Concentration 
(NOEC), Low Observed Effective Concen-
tration (LOEC) and Toxicity Factors (TF) of 
the metals were also determined in accord-
ance with Sadeghi and Imanpoor (2015). 
Metal solutions were prepared immediately 
before use and toads were not fed during the 
acute toxicity study. Mortality was determine 
by visual observation and recorded for every 
24 h. Toads were considered dead when no 
movement was observed after gentle prod-
ding with a glass rod. For the sub-lethal tox-
icity assessment, four A. regularis per group 
were randomly distributed into 25 L tanks 
containing 5, 10, 25, 50 and 75 % of the sub-
lethal concentrations (which correspond to 
1.82, 3.64, 9.09, 18.18 and 27.27 mg/L for 
Cd, and 5.60, 11.21, 28.02, 56.03 and 84.05 
mg/L for Pb, of the 96 h LC50 for the metals) 
were selected in accordance with Nikoloff et 
al. (2014), for 14 days. Similar treatment was 
given to toads in 0.01 mL/L Benzene, a 
haematopoietic genotoxic inducer (IPCS, 
1993; WHO, 2003), and dechlorinated tap 
water as positive and negative controls re-
spectively. 
 
Micronucleus cytome assay 
At the end of exposure, toads were anes-
thetized by immersing in ice water in ac-
cordance with American Society of Ichthy-
ologists and Herpetologists (ASIH, 2004) 
criteria, and then sacrifice by double pithed. 
Peripheral blood was collected into EDTA 
bottles using heparinized syringe via cardiac 
puncture after which the toads were dissect-
ed and femoral bones collected into vials 
containing 0.9 % buffered normal saline. 
Cells were then aspirated from both femurs 
using 0.5 mL of 2.2 % sodium citrate into 
Eppendorf tubes. Aspirated cells were centri-
fuged at 2000 rpm for 10 min and the super-
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natant decanted. Smears of cell suspension 
were prepared on three pre-cleaned and 
grease free microscope slides per toad. Simi-
larly, thin smears of the peripheral blood 
erythrocytes were prepared on three pre-
clean and grease free microscope slides per 
toad. The prepared slides were allowed to air 
dry for 24 h, fixed in absolute (100 %, v/v) 
cold methanol (4 °C) for 20 min and counter 
stained with 5 % Giemsa and May-Grunwald 
stains for 10 min. 2000 cells per slide were 
analyzed to score for MN, nuclear abnormal-
ities (NAs), necrosis and apoptosis in ac-
cordance with standard protocols (Fenech, 
2007; Alimba and Bakare, 2016).  
 
Statistical analysis  
Data obtained from the acute toxicity 
(mortality) were analyzed using probit anal-
ysis (Finney, 1971) with SPSS™ version 
17.0 and presented as LC5 (lethal concentra-
tion that produced 5 % mortality), LC50 (le-
thal concentrations that produced 50 % mor-
tality), and LC95 (lethal concentration that 
produced 95 % mortality) at the correspond-
ing 95 % confidence intervals. Also, TF for 
24 hourly relative potency measurements for 
the metals were determined. Data for the 
MN, NAs, necrosis and apoptosis are pre-
sented as mean ± SE (standard error). Signif-
icant difference among the various treatment 
and control groups was determined using 
one-way ANOVA, while Dunnett’s multiple 
post-hoc test was used to compare the level 
of significance (p< 0.05) of each treatment 
group with the negative control. 
 
RESULTS  
There was concentration dependent in-
crease in the mortality of Cd and Pb exposed 
toads. All toads exposed to 128 and 256 
mg/L of Cd and 512 mg/L of Pb died (100 % 
mortality). There was no mortality at 8 mg/L 
of Cd, and between 8 and 32 mg/L of Pb 
during exposure (Figure 1a, b). The derived 
toxicity indices from the concentration-
mortality data (Figure 1a, b) showed that 
NOEC for Cd and Pb are 8 and 32 mg/L re-
spectively, while the LOEC for Cd and Pb 
are 16 and 64 mg/L respectively. Also, the 
safe concentrations for Cd and Pb were 3.64 
and 11.21  mg/L respectively. The hourly de-
rived LC5, LC50 and LC95 values for both Cd 
and Pb acute toxicity showed that A. regular-
ies mortality increased with metal concentra-
tions and exposure duration. The 96 h LC50 
determined for Cd is 36.36 mg/L, and 112.06 
mg/L for Pb (Tables 1, 2). The computed TF 
(3.08) for both metals showed that Cd was 3 
folds highly toxic to A. regularis compared 
to Pb. Also, the clinical signs of metal in-
duced toxicity observed in the exposed toads 
which include avoiding contact with the 
metal solutions by climbing on one another, 
inactivity and peeling of skins, were severe 
among Cd treated toads and increased ac-
cording to concentrations of the metals. 
 
Figure 1a, b: Percentage mortality of Amiet-
ophrynus regularis after 96 h exposure to differ-
ent concentrations of lead (II) nitrate (1a) and 
cadmium (II) chloride (1b). 
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Table 1: 96 h acute toxicity assessment of Pb(II) salt in Amietophrynus regularis 
Time 
(hr) 
LC50  
(95 % CI) 
LC5  
(95 % CI) 
LC95  
(95 % CI) 
Slope ± 
S.E 
Probit line  
equation 
TFa 
24 410.68 
(287.9–908.5) 
136.59  
(29.6–209.1) 
1234.79  
(663.8–16572.1) 
3.44 ± 1.13 Y =  
-3.99 + 3.44X 
1.00 
48 249.62  
(184.3–360.7) 
105.96  
(40.4–151.4) 
588.05  
(394.1–1836.2) 
4.42± 1.20 Y =  
-5.60 + 4.42X 
1.65 
72 167.93 
(118.8–244.5) 
54.75  
(19.8–84.5) 
515.10  
(325.3–1548.3) 
3.38 ± 0.80 Y =  
-2.52 + 3.38X 
2.45 
96 112.06  
(80.5–155.4) 
43.25 
(17.2-64.1) 
290.33  
(196.8–720.9) 
3.98 ± 0.94 Y =  
-3.15 + 3.98X 
3.66 
aTF = Toxicity factor  derived from 96 hr LC50; CI= 95 % confidence limit; S.E = Standard Error 
LC5: Lethal concentration that caused 5 % mortality of exposed A. regularis at 95 % CI (lower and up-
per limits) 
LC50: Lethal concentration that caused 50 % mortality of exposed A. regularis at 95 % CI (lower and 
upper limits) 
LC95: Lethal concentration that caused 95 % mortality of exposed A. regularis at 95 % CI (lower and 
upper limits) 
 
 
Table 2: 96 h acute toxicity assessment of Cd(II) salt in Amietophrynus regularis 
Time 
(hr) 
LC50  
(95 % CI) 
LC5  
(95 % CI) 
LC95  
(95 % CI) 
Slope ± 
S.E 
Probit line 
equation 
TFa 
24 217.76 
(145.4–642.3) 
58.92  
(9.1–95.4) 
804.90  
(375.5–26763.6) 
2.90 ± 0.98 Y =  
-1.77 + 2.90X 
1.00 
48 102.75  
(72.2–158.6) 
30.77  
(10.4–48.2) 
343.15  
(204.2–1283.0) 
3.14 ± 0.77 Y =  
-1.32 + 3.14X 
2.12 
72 73.11  
(51.3–106.8) 
22.37  
(8.1–35.0) 
238.82  
(149.1–707.4) 
3.20 ± 0.73 Y =  
-0.96 + 3.20X 
2.98 
96 36.36  
(25.4–52.2) 
11.24  
(4.2-17.6) 
117.63  
(74.8–320.5) 
3.23 ± 0.72 Y =  
-0.03 + 3.23X 
5.99 
aTF = Toxicity factor  derived from 96 hr LC50; CI= 95 % confidence limit; S.E = Standard Error 
LC5: Lethal concentration that caused 5 % mortality of exposed A. regularis at 95 % CI (lower and up-
per limits) 
LC50: Lethal concentration that caused 50 % mortality of exposed A. regularis at 95 % CI (lower and 
upper limits) 
LC95: Lethal concentration that caused 95 % mortality of exposed A. regularis at 95 % CI (lower and 
upper limits) 
 
 
 
The frequency of MN induced in bone 
marrow erythrocytes of Cd exposed toads 
was highly significant (p<0.0001; r=0.69) 
with 1.93, 2.31, 4.63, 6.16 and 9.00 folds 
(corresponding to 5, 10, 25, 50 and 75 % of 
Cd concentrations respectively) increase than 
the negative control (Figure 2). Similarly, Pb 
significantly (p=0.0005; r=0.40) increased 
MN formation in bone marrow erythrocytes 
by 1.05, 1.61, 2.52, 4.47 and 6.32 folds (cor-
responding to 5, 10, 25, 50 and 75 % of Pb 
concentrations respectively) compared to the 
negative control. Benzene (0.01 mL/L), a 
known haematopoitic dysfunction and chro-
mosome aberration inducing chemical 
(IPCS, 1993) used as positive control, in-
duced 3.98 fold increase in MN compared to 
the negative control. Fold increase of MN 
induced by benzene is within 25 % and 50 % 
concentrations of Cd and Pb respectively. 
There was similarity in the trend of MN fre-
quencies induced by Cd (p<0.0001; r=0.66 
with fold increase; 1.78, 1.81, 3.99, 5.19 and 
8.36 (corresponding to 5, 10, 25, 50 and 
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75 % of Cd) and Pb (p<0.0001; r=0.57 with 
fold increase; 1.43, 1.37, 2.94, 4.01 and 6.31 
(corresponding to 5, 10, 25, 50 and 75 % of 
Pb) in the peripheral blood erythrocytes 
compared to the negative control (Figure 3). 
Both Cd and Pb increased NAs in peripheral 
blood erythrocytes of treated toads compared 
to the negative control (Table 3). The scored 
NAs which include binucleated blood eryth-
rocytes (Figure 4b), nuclear bud (Figure 4c), 
notch nucleus (Figure 4d), vacuolated nucle-
us (Figure 4e) and lobe nucleus (Figure 4f) 
were significantly (p<0.05) higher than the 
control except for vacuolated nucleus. There 
was concentration-dependent significant in-
crease in the percentage apoptotic erythro-
cytes (Figure 4g) induced by Cd (p<0.0001; 
r=0.68) and Pb (p<0.016; r=0.29) (Figure 5), 
and necrotic erythrocytes (Figure 4h) in-
duced by Cd (p<0.0001; r=0.72) and Pb 
(p<0.0009; r=0.41) in peripheral blood eryth-
rocytes compared to the negative control 
(Figure 6).  
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Figure 2: Frequency of micronu-
clei induction in bone marrow 
erythrocytes of Amietophrynus 
regularis following exposure to dif-
ferent concentrations of lead (II) 
nitrate and cadmium (II) chloride. 
End point represents mean ± SE 
per treatment group containing 
four toads. Values are significantly 
different from the negative control 
as identified by Dunnett Multiple 
posthoc test 
(*p<0.05, **p<0.01, ***p<0.001). 
Figure 3: Frequency of micronuclei 
induction in peripheral blood eryth-
rocytes of Amietophrynus regularis 
following exposure to different con-
centrations of lead (II) nitrate and 
cadmium (II) chloride. End point 
represents mean ± SE per treat-
ment group containing four toads. 
Values are significantly different 
from the negative control as identi-
fied by Dunnett Multiple posthoc 
test  
(*p<0.05, **p<0.01, ***p<0.001). 
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Table 3: Frequency of nuclear abnormalities in peripheral blood erythrocytes of Amietophrynus regu-
laris exposed to sub-lethal concentrations of Cd (II) and Pb (II) salts 
Conc 
(%) 
Lobe 
nucleus 
Binucleated 
erythrocytes 
Notch 
nucleus 
Bud  
nucleus 
Vacuolated 
nucleus 
0 
0.01* 
 
Pb 
5 
10 
25 
50 
75 
 
Cd 
5 
10 
25 
50 
75 
0.03±0.01 
0.62±0.50 
 
 
0.90±0.02 
1.08±0.15c 
1.31±0.81c 
1.42±0.64c 
1.64±0.17c 
 
 
0.98±0.32 
1.28±0.37 
1.42±0.62c 
1.63±0.92c 
1.93±0.34c 
0.02±0.00 
0.42±0.01 
 
 
0.17±0.12c 
0.22±0.27c 
0.25±0.49c 
0.32±0.18c 
0.46±0.75c 
 
 
0.35±0.11 
0.41±0.09c 
0.47±0.10c 
0.57±0.21c 
0.72±0.12c 
0.00±0.00 
0.16±0.03 
 
 
0.09±0.02c 
0.11±0.01c 
0.12±0.11c 
0.31±0.27c 
0.80±0.15c 
 
 
0.30±0.14c 
0.37±0.15c 
0.74±0.20c 
0.82±0.13c 
0.94±0.21c 
0.01±0.00 
0.07±0.01 
 
 
0.04±0.00c 
0.07±0.01c 
0.11±0.02c 
0.50±0.15c 
0.78±0.13c 
 
 
0.05±0.02c 
0.08±0.01c 
0.12±0.10c 
0.30±0.08c 
0.50±0.14c 
0.00±0.00 
0.10±0.02 
 
 
0.01±0.00 
0.03±0.01 
0.07±0.02 
0.11±0.11 
0.13±0.09 
 
 
0.20±0.00 
0.20±0.09 
0.32±0.06 
0.41±0.10 
0.53±0.05 
*Benzene (0.01 mL/L) - positive control. Tap water - Negative control. End point represents mean ± 
SE per treatment group from four toads. Values are significantly different from the negative control as 
identified by Dunnett Multiple posthoc test (ap<0.05, bp<0.01, cp<0.001). 
 
 
Figure 4: Erythrocytes scored in the MN-cyt assay: (a) micronucleated cells, (b) binucleated cell, (c) 
nuclear buded cell, (d) notch nucleated cells, (e) vacuolated nucleated cells, (f) lobe nucleated cells, 
(g) different apoptotic stages and (h) different necrotic stages in Amietophrynus regularis exposed to 
different concentrations of Cd(II) and Pb(II) salts (Magnification: x1000).  
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DISCUSSION 
Increasing metal contamination of agri-
cultural and forest land, and waterways 
where anurans readily inhabit, due to fertiliz-
er application, industrial and mining activi-
ties, may greatly impact on amphibians’ 
health. Cd and Pb were selected for this 
study due to their environmental relevant 
concentrations which have increased morbid-
ity and mortality in humans, with scanty in-
formation on wildlife populations. For in-
stance, in 2009, large-scale epidemics of Pb 
poisoning involving more than 2000 children 
living near smelting plants and sparking riots 
was reported in China (Li et al., 2016). Also 
in 2010, massive deaths of over 200 children 
with non-specific symptoms reported in 
Northern Nigeria was associated with out-
break of acute lead poisoning due to illegal 
mining of gold-rich ore (Lo et al., 2012). 
Cadmium poisoning that led to the deaths of 
over 100 people who suffered Itai-itai dis-
ease between 1910 and 2007 after consum-
ing contaminated rice grown in Jinzu River 
basin in Toyama, Japan (Matsunami, 2010), 
showed the level of deleterious effects of 
these metals. Considering that Cd and Pb 
constitute top prioritized hazardous sub-
stances (IPCS, 1992; DeRosa et al., 1996), 
there is scarcity of information on the geno-
toxicity and cytotoxicity impacts of these 
Figure 5: Effect of Cd and Pb 
treatments on the percentage 
of apoptosis in peripheral 
blood erythrocytes of Amiet-
ophrynus regularis. End point 
represents percentage of 
mean ± SE per treatment 
group containing four toads. 
Values are significantly differ-
ent from the negative control 
as determined by Dunnett 
Multiple posthoc test (*p<0.05, 
**p<0.01, ***p<0.001).  
Figure 6: Effect of Cd and Pb 
treatments on the percentage 
of necrosis in peripheral blood 
erythrocytes of Amietophrynus 
regularis. End point repre-
sents percentage of mean ± 
SE per treatment group con-
taining four toads. Values are 
significantly different from the 
negative control as deter-
mined by Dunnett Multiple 
posthoc test (*p<0.05, 
**p<0.01, ***p<0.001). 
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metals on native adult toads residing in Cd 
and Pb polluted sites. However, the study 
herein utilized a standard laboratory simulat-
ed experiment as a preliminary study, to un-
derstand the possible acute toxicity and cy-
togenotoxicity induced by Cd and Pb in adult 
toads.  
The 96 h LC50 of Cd showed that Cd was 
three fold more harmful to the exposed toads 
than Pb. This suggests that A. regularis tol-
erated the deleterious impacts of Pb than Cd. 
Concentration-dependent increase in mortali-
ty induced by Cd and Pb in the exposed 
toads may be related to the rapid bioaccumu-
lation of the metals in the tissues through the 
permeable skin (Arrieta et al., 2000; Said et 
al., 2016). Behavioral changes observed dur-
ing exposure to the metals, which include 
climbing on one another was to avoid con-
tact with the metal solution so as to prevent 
metal absorption and mortality. Although, it 
is not clear why there was peeling of the toad 
skin during exposure to the metals, it may be 
linked to physiological behavior enhancing 
metal speciation and or sequestration via ex-
cretion after redistribution of the metals to 
less sensitive target sites like the skin (Hop-
kins, 2007; Said et al., 2016). Similar differ-
ential acute toxicities of Cd and Pb were ob-
served in Bufo maculatus (Enuneku and 
Ezemonye, 2012). Previous studies had also 
shown that differential toxicity of Cd and Pb 
to anurans were severe to the developmental 
stages of these animals (Arrieta et al., 2000; 
Mouchet et al., 2007; Enuneku and 
Ezemonye, 2012; Patar et al., 2016; Said et 
al., 2016). The derived safe concentrations of 
3.64 mg/L (Cd) and 11.21 mg/L (Pb) for the 
toads used herein, are significantly lower 
than 1310 – 1586 mg of Pb per kg of soils 
observed in farmlands around Pb contami-
nated goldmine in Northern Nigeria (Abdul-
kareem et al., 2015), 2000 mg of Pb per kg 
of soil (Elsokkary et al., 1995) and 400 mg 
of Cd per kg of aquatic sediments (Elsokkary 
and Muller, 1990) from Egypt. This may 
suggest a higher level of morbidity and even-
tual death of toads and other amphibians that 
may be inhabiting such metal laden sites.  
Cd and Pb sub-lethal concentrations used 
in this study were within the safe concentra-
tion limits, NOEC and LOEC values deter-
mined for the A. regularis. Although, these 
selected concentrations did not induce mor-
tality of the exposed toads even at 14 days of 
exposure, they however elicited myriad of 
genotoxic and cytotoxic effects. Significant 
increase in the frequencies of micronucleat-
ed, apoptotic, nuclear bud, necrotic, binucle-
ated, vacuolated, notch and lobe nucleated 
erythrocytes (Figure 4a-h) formed in the 
bone marrow and peripheral blood erythro-
cytes of the exposed toads to sub-lethal con-
centrations of Cd and Pb suggests that these 
metals are clastogenic and/or aneugenic to 
dividing cells in the bone marrow of the 
toads. These metals possibly interfered with 
DNA repair systems (Calsou et al., 1996; 
Hartwig, 1998), induced DNA strand breaks 
and/or mitotic spindle dysfunction (Snyder, 
1988; Seoane and Dulout, 2001), and gener-
ated reactive oxygen species and glutathione 
depletion (O’Brien and Salacinski, 1998) in 
the haematopoietic system (bone marrow) of 
the toads resulting in the observed cytogen-
otoxic biomarkers (Figure 4). The observed 
differential alterations in genotoxic and cyto-
toxic biomarkers induced by the investigated 
metals herein, indicate that Pb is a weaker 
genotoxin and cytotoxin than Cd. This is in 
agreement with its (Pb) being classified as 
probable human carcinogen (Group 2B) 
(IARC, 2006) and Cd as carcinogen (Group 
A) (IARC, 1993).  
Significant increase in the frequency of 
MN in the treated toads suggests that the 
metals induced perturbation in the heamato-
poiesis of the treated toads which resulted in 
acentric chromosome fragmentation, acentric 
chromatid fragmentation or whole chromo-
some loss that were not included in the 
daughter nuclei after telophase during cell 
division (Mateuca et al., 2006). It is also 
possible that the metals induced perturbation 
in the heamatopoiesis of the treated toads 
which increased gene amplification and were 
localized to the periphery of the nucleus dur-
ing S phase of the cell cycle (Shimizu et al., 
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1998). This may account for the significant 
increase in nuclear bud recorded in the ex-
posed toads than the control. Increase in 
notch, vacuolated and lobe nuclei recorded in 
the metal treated toads is related to chromo-
some aneuploidy which probably originated 
from tubulin failure and terminal acentric 
fragmentation due to disturbance of the 
chromatin materials, hence various nuclear 
evaginations (Fenech et al., 2011). The vari-
ous abnormal nucleated erythrocytes were 
scored to complement MN frequency in the 
genotoxicity assessment considering that 
they were significantly found in the metal 
exposed toads compared to the negative con-
trol. Moreover, they have been frequently 
observed in cancer cells and chromosomal 
unstable cells (Gisselsson et al., 2001; Caru-
so et al., 2008).   
Increase in the frequency of binucleated 
erythrocytes suggests blockage of cytokine-
sis of the dividing cells during erythropoietic 
process. Increase in the occurrence of apop-
totic erythrocytes suggests a self defence 
mechanism by the toads to eliminate cells 
with highly damage nuclei by activating in-
trinsic suicide mechanisms that ultimately 
destroys the cell (Fraser and Evan, 1996). 
While necrotic erythrocytes suggest patho-
logically passive death occurring accidental-
ly due to extreme damage or injury induced 
by the metals. This cell death type is usually 
accomplined with cell membrane rupture and 
spilling out of cellular contents to the sur-
rounding cells (Cohen, 1994). It is plausible 
that Cd and Pb induced p53 protein expres-
sion in the treated toads which led to the ac-
tivation of genes associated with apoptotic 
cell formation (Leach, 1998). It is also pos-
sible that the metals induced direct genotoxic 
stress on the bone marrow cells, and the se-
verely damaged cells were eliminated by ei-
ther programmed cell death (apoptosis) or 
accidental cell death (necrosis). This is in 
agreement with the reports that genotoxic 
stress elicited by cisplastin induced apoptosis 
in human ovarian carcinoma and human kid-
ney cells was mediated by caspase family 
proteases (Chen et al., 1999). Also, Cd, As 
and Pb induced apoptosis in peripheral blood 
mononuclear cells (lymphoid cells), has been 
linked to immunotoxicity of the metals (De 
la Fuente et al., 2002). Increase in binucleat-
ed, apoptotic and necrotic erythrocytes in the 
metal exposed toads showed that the metals 
are capable of inducing cytotoxic effects in 
anurans. Studies corroborating the cytotoxic 
effects of Pb and Cd observed in this study 
showed that these metals are capable of alter-
ing cellular activities via interference with 
signal transduction pathways which resulted 
in cell lysis, cellular inflammation, cell 
death, abnormal cell replication via blockage 
of DNA repair mechanisms and damage to 
DNA molecule (Mukharjee et al., 1984; Bae 
et al., 2001; Chang et al., 2013). Alimba et 
al. (2016) showed that WIL2-NS lympho-
blastoid cells treated with low concentrations 
of Pb expressed concentration-dependent 
significant increase in necrotic cells. Also 
Chang et al. (2013) reported apoptosis in 
pancreatic β-cells treated with Cd. These in 
vitro studies are in support of the cytotoxici-
ty of Cd and Pb to the exposed toads in this 
study.  
The results herein showed positive clas-
togenic effects of Cd and Pb in bone marrow 
cells of toads. This is in agreement with pre-
vious studies wherein low concentrations of 
Cd salt induced dose-dependent significant 
increase in MN polychromatic erythrocytes 
in mice (Jagetia and Adiga, 1994) and DNA 
damage in human lymphocytes (Shaik et al., 
2006). The difference in mortality, cytotoxi-
city and genotoxicity induced by the metals 
to treated toads may be attributed to differ-
ences in their absorbability, chemical reac-
tivity and complex formation (Bae et al., 
2001; Alimba et al., 2016). With the emerg-
ing reports that Cd and Pb are capable of in-
ducing DNA damage in anurans (Mouchet et 
al., 2007; Patar et al., 2016), it is suggested 
that this may enhance threats to amphibians’ 
health and survival, and their eventual de-
cline. Injuries induced on chromosomes are 
perhaps the most relevant biological and eco-
logical indicators of adversity. There are as-
sociations between cytogenotoxicity out-
EXCLI Journal 2018;17:89-101 – ISSN 1611-2156 
Received: October 18, 2017, accepted: December 12, 2017, published: January 11, 2018 
 
 
99 
come and chronic health effects at the popu-
lation level (Taylor et al., 2005), with cyto-
genetic damage linked to genetic related 
syndromes, including neoplasms, physiolog-
ical and biochemical impairments, reproduc-
tive dysfunctions, increase disease suscepti-
bility and reduced adaptive fitness to surviv-
al and succession (Kurelec, 1993; Shugart, 
2000; Taylor et al., 2005).  
In conclusion, the findings herein 
showed that Cd and Pb induced differential 
acute toxicity, MN, binucleated, nuclear bud, 
bleb, notch and vacuolated erythrocytes, 
apoptosis and necrosis (biomarkers of ge-
nome instability and cytotoxicity) in toads. 
Whether such effects can be observed in situ 
in Pb and Cd contaminated sites is recom-
mended for investigation to ascertain am-
phibian health status and survival in the wild. 
Findings from this study suggest possible 
roles of toxic metals in anuran genome dam-
age which may enhance amphibian decline. 
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